A novel approach to the synthesis of fully substituted pyrimidine derivatives armed with an oxy-functionalized acetate chain at the ring is described. The manifold uses amidines as the nitrogen source and activated skipped diynes as the electrophilic reactive partners in a coupled domino strategy.
ketone derivatives.
3b-f Other important strategies involving alkynes rely on the [2+2+2]-intermolecular cycloaddition of one alkyne molecule and two nitrile molecules 3a,3i or the [4+2]-cycloaddition of 1,3-diazadienes with electron deficient acetylenes to deliver the pyrimidine ring. 3g-h Whereas the first one utilizes two identical nitrile blocks affording a reduced functional diversity decorating the ring (symmetric products, substituent redundancy), the second one requires the previous access to a reactive 1,3-azadiene unit featuring a convenient leaving group installed at the 3-position (the leaving group steers the final aromatization step). 3g These limitations call for the development of new alkyne-based methodologies capable of providing these heterocyclic structures with multiple substitution patterns decorating the ring. In addition, these methodologies should also be able to construct pyrimidine-focused chemical libraries.
4 SCHEME 1. Manifolds for the synthesis of substituted pyrimidines.
As part of an ongoing project, we have developed efficient domino methodologies for the diversityoriented access to bioactive aromatic scaffolds from simple and readily available tertiary 1,4-diynes blocks 4 (Scheme 1). 5 These units are conveniently synthesized in multigram scale by a four component A 2 BB´ reaction involving acid chlorides and alkyl propiolates. 6 The multicomponent nature of this reaction allows to obtain these 1,4-diynes blocks with a convenient grade of diversity at the tertiary position (R 1 , R 1 COO) and the ester groups (R 2 ) in a simple and fast manner. Herein, we report a simple, direct and versatile methodology based on the use of these 1,4-diynes units for the fast access to fully substituted pyrimidines decorated with an convenient grade of functional diversity and bearing an oxyfunctionalized side chain at the ring. The methodology is based on a novel domino manifold which uses amidines 1 as the nitrogen source (N-C-N block) and a tertiary skipped diyne unit 4 as the source of the C 3 block (Scheme 1b).
Recent reports from our laboratory have shown that 1,4-diynes 4 conveniently behave either as 1,3-or 1,4-dicarbonyl compounds when they are made to react with aza-nucleophiles such as primary amines, 5a hydrazines, 5b 1,n-diamines 5c or secondary amines. 5d We therefore envisioned that amidines 1 could react with these 1,4-diyne blocks to afford fully substituted pyrimidines 5 with complete atom economy and good functional diversity decorating the aromatic ring (Scheme 1b). Based on our previous experience, we anticipated that amidines 1 would react with the alkyne functionalities of 4 through two consecutive aza-Michael additions to afford the cyclic intermediates 6. This would be followed by a
[H]-shift to form a cyclic intermediates 7 with a new endocyclic unsaturation, and finally, a [3, 3] sigmatropic rearrangement to form the desired pyrimidines 5 via an irreversible aromatization-driven process (Scheme 2). This rearrangement would break the latent symmetry present in the two advanced intermediates 6 and 7 by the installation of two chemically differentiated acetate chains at the ring of the final pyrimidine product. SCHEME 2. Expected domino pathway affording pyrimidines 5.
As a proof of the concept, we studied the reaction of commercially available benzamidine 1a with skipped diyne 4a. Although we were pleased to observe the consumption of the starting material 1a by TLC analysis (in refluxing DCE, 1hr), we also noticed that the desired pyrimidine product was not observed among the mixture of reaction products which were isolated after flash column chromatography.
Instead, the E/Z mixture of the cyclic intermediate 6aa was identified as the main reaction product (73%) with compound 8aa as a byproduct of the reaction (14%) coming from a different reaction pathway (Scheme 3). 7 Further attempts to obtain the aromatized product 5aa from 1a and 4a varying the solvent (EtOH, t-BuOH, DMF, toluene) and the reaction temperature were unsuccessful. To begin testing the generality of this process we carried out the reaction with other diynes obtaining similar results.
SCHEME 3. Optimization of the domino manifold.
It soon became evident that we needed to concentrate our efforts in determining the best reaction conditions to allow intermediate 6aa to progress towards the desired pyrimidine through the [H]-shift and the [3, 3] -sigmatropic rearrangement. As a matter of fact, in the previous synthesis of pyrroles 5a and pyrazoles 5b from tertiary skipped diynes 4, we had not encountered this difficulty in progressing past the first cyclic intermediate, although we found that the pyrazole ring formation required more energic conditions than the pyrrole ring (reaction differences mirror the aromatic differences!). After some experimentation, we quickly turned our attention to the use of silica gel as a mild acidic catalyst with the combination of heating to aid in the rearrangement. Hence, an E/Z mixture of 6aa was adsorbed on silica gel and the opened vessel (round bottomed flask) was then heated in a domestic microwave oven (at 900W) for different periods of time. While the reaction was incomplete at shorter reaction times, mixtures containing the desired pyrimidine and decarboxylated products 9aa-11aa were obtained at longer reaction times without selectivity in the product distribution (Scheme 4) (See Supporting Information). A similar scenario took place when the same aromatization reaction was attempted using a scientific microwave apparatus. Fortunately, with the use of conventional heating, with longer reaction times and the appropriate reaction temperature a good selectivity towards the desired pyrimidine 5aa was obtained (3 days, 100-110 ºC, 90% NMR yield). SCHEME 4. Thermally-driven transformation of intermediate 6aa into pyrimidines 5aa and 9aa-11aa.
Our next goal was to be able to implement both processes in the same reaction vessel by means of the so called coupled domino reactions strategy, 8 and thus, avoid the isolation of the E/Z mixture of the cyclic products 6. Fortunately, the protocol was straightforward and consisted on absorbing on silica gel the crude reaction mixture obtained in the first step (reaction of 1a and 4a) and subjecting it to the previously studied thermal conditions. In this manner, 5aa was isolated in 46% overall yield.
Once the reaction could be standardized, we next studied the scope of this coupled domino process with regard to the diyne and the amidine (Table 1 ). In general, the reaction displayed a wide scope with regard to both components. With regard to the 1,4-diyne component, the derivatives 4a-f 6 were studied, which feature electronically different aromatic rings at the diyne tertiary position and on the ester functionality.
As it was expected, all of them expressed the same reactivity pattern with similar chemical efficiencies (entries 1-6). Other commercially available amidines 1a-e were converted to the corresponding fully substituted pyrimidines 5a-e with similar efficiencies. The extension of this protocol to the aliphatic substituted tertiary 1,4-diynes proved to be more difficult than previously expected and it resulted in a new reactivity profile for the 1,4,5,6-tetrahydropyrimidine intermediate 6 (Scheme 5). The multicomponent methodology for the access to these 1,4-diynes required that the aliphatic substituent at the C-sp 3 position had to be necessarily branched. 9 With this structural constraint, we assayed the reaction of imidine 1a with 1,4-diynes 4g and 4h, armed with and isopropyl and a t-butyl group at the C-sp 3 position, respectively. Both substrates were smoothly transformed into the corresponding intermediates 6ga and 6ha (64% yield in each case), but reactions did no progress past these intermediates even after being submitted to the thermal conditions of the second reaction (e.g., after the 3rd day of heating, the E/Z isomeric mixture of 6ga was quantitatively transformed into a single isomer). Both intermediates showed a similarly high thermal barrier to aromatize. The aromatization could be finally achieved by microwave-assisted heating of these intermediates absorbed on silica gel [40 min, 900W, opened vessel, domestic oven], but it was at the expense of the decarboxylative elimination of both methyl ester groups. Under these conditions, the intermediate 6ga rearranged to the pyrimidine derivative 12 in 40 % yield. Significantly, this reaction allowed us to install three differentiated aliphatic chains at the ring, one of them armed with a terminal acyloxy group as a convenient chemical handle. Surprisingly, under the same reaction conditions, the intermediate 6ha rearranged to the symmetric 5-pivaloyloxy-pyrimidine derivative 13 in 35% yield (Scheme 5). Besides the expected decarboxylations, the reaction involved the loss of the original t-butyl group without migration of the pivaloyloxy group. We believe that this different reaction pattern relies on the steric congestion imposed by the t-butyl group at the C-sp 3 position which increases the energy for the [3, 3] -sigmatropic rearrangement involving the ester group and it facilities the rearrangement involving the aliphatic substituent (retro-ene reaction) which is probably also aided by the gem-dimethyl effect exercised by the other two methyl groups of the substituent (See Scheme 5). The presence of an O-substituent at the pyrimidine ring of 13 is quite interesting because the 5-pyrimidinol derivatives have been shown to be suitable structural motives for the rational design of novel air-stable radical scavengers and chain-breaking antioxidants that are more effective than phenols. 
EXPERIMENTAL SECTION

General information.
1 H NMR and 13 C NMR spectra of CDCl 3 solutions were recorded either at 400 and 100 MHz or at 500 and 125 MHz, respectively. Microwave reactions were conducted in sealed glass vessels (capacity 10 mL) using either a CEM Discover microwave reactor or a conventional microwave oven (Whirlpool MD 131), using silica gel (particle size 0.063-0.200 mm). In all cases, the reagents were first dissolved in dichloromethane, then mixed with silica gel and then followed by removal of the solvent under reduced pressure. FT-IR spectra were measured in chloroform solutions using a FT-IR spectrophotometer. Mass spectra (low resolution) (EI/CI) and HRMS (EI/TOF) were obtained with a gas chromatograph/mass spectrometer. Analytical thin-layer chromatography plates used UV-active silica on aluminum. Flash column chromatography was carried out with silica gel of particle size less than 0.020 mm, using appropriate mixtures of ethyl acetate and hexanes as eluents. All reactions were performed in oven-dried glassware. All materials were obtained from commercial suppliers and used as received unless otherwise noted. The free amidines 1b, 1c and 1d were obtained by treatment of solutions of the commercially available HCl or HI salts with 2.0M aqueous KOH solutions. The aqueous layers were extracted with CH 2 Cl 2 and dried over Mg 2 SO 4 . Free acetamidine 1e was prepared as previously described.
11
General procedure for the synthesis of 6aa-6ca and 8aa-8ca: After skipped diyne 4a (376 mg; 1.0 mmol) was dissolved in 1,2-dichloroethane (10 mL), benzamidine (1a) (1.20 mmol) was added and the reaction was heated to reflux for 1 hour. After the mixture was cooled, the solvent was removed under reduced pressure. This was followed by isolation of the corresponding products by flash column chromatography (silica gel, n-hexane/EtOAc (80:20-60:40)). Conversion of 6aa into 2- Methoxy-1-(6-(2-methoxy-2-oxoethyl)-2,5-diphenyl-pyrimidin-4-yl) -2-oxoethyl benzoate (5aa): 6aa (248 mg; 0.50 mmol) was absorbed on silica gel (2.0 g, with the aid of CH 2 Cl 2 which was then removed under reduced pressure) and the mixture was heated at 105 ºC for 3 days. The silica gel was thoroughly washed with ethyl acetate and the filtrate was concentrated and flash chromatographed (silica gel, 20% n-hexane/EtOAc) to afford the pure 5aa (218 mg; 88% General procedure for the synthesis of pyrimidines 5: After skipped diyne 4a-f (1.0 mmol) was dissolved in 1,2-dichloroethane (10 mL), amidine 1a-e (1.20 mmol) was added and the reaction was heated to reflux for 1 hour. After the mixture was cooled, the solvent was removed under reduced pressure. The resulting mixture was absorbed on silica gel (2.0 g, with the aid of CH 2 Cl 2 which was then removed under reduced pressure) and it was heated for 3 days at 105 ºC. Extraction of the products with ethyl acetate was followed by isolation of the desired products by flash column chromatography (silica gel, appropriate mixtures of n-hexane/EtOAc). Fluorophenyl)-6-(2-methoxy-2-oxoethyl)-2-phenylpyrimidin-4-yl)-2-methoxy-2 
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